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Case presentations
Patient 1. A 17-year-old male was bitten by a viper on the right leg.
The snake was not killed, but the description suggested a Russell's
viper. Within 3 to 4 hours, the patient's right leg and foot became
swollen, and he began to bleed from the fang marks, the subconjunc-
tival space, and the upper gastrointestinal tract. The loss of blood from
hematemesis was estimated to be approximately 200 ml. He was taken
to a district hospital, where he was in shock; the systolic blood pressure
was 85 mm Hg, and the pulse was 132 beats/mm. He was given one liter
of saline and three units of blood, and his blood pressure rose to 140/80
mm Hg. The next dày he passed a tarry stool. Over the 24 hours after
the bite, the urine was dark brown and the volume was less than 200 ml.
He was referred to the Postgraduate Medical Institute, Chandigarh, for
further management.
Physical examination revealed moderate pallor, subconjunctival
hemorrhages, and chemosis. Jaundice was absent. The blood pressure
was 140/70 mm Hg; pulse, 96 beats/mm; and temperature, 99F.
Examination of the heart, lungs, abdomen, and central nervous system
was unremarkable. The right leg and foot were swollen. There was no
active bleeding from the fang marks.
Laboratory studies disclosed a hemoglobin of 9.8 g/dl; hematocrit,
32%; and white blood cell count, 18,000/mm3, with 85% neutrophils and
15% lymphocytes. The platelet count was 10,200/mm3. Blood urea on
admission was 170 mg/dl and serum creatinine 8.8 mg/dl; these rose to
230 mg/dl and 12.2 mgldl respectively the next day. Serum sodium was
130 mEq/liter; potassium, 5.9 mEq/Iiter; and bicarbonate, 12.5 mEq/
liter. Serum uric acid was 12 mg/dl. Plasma hemoglobin was 60 mg/dl.
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Erythrocyte G6PD was normal. Coagulation studies showed poor clot
retraction, a prothrornbin time of 18 seconds with a control of 12
seconds, and a partial thromboplastin time of 72 seconds with a control
of 40 seconds. The fibrinogen was 200 mg/dl; fibrin degradation prod-
ucts were not detected. A peripheral blood smear showed aniso- and
poikilocytosis and numerous schistocytes. Urinalysis showed 1+ pro-
tein and 10 to 20 red blood cells/high-power field. Urine hemoglobin was
436 mg/dl. Urine indices showed an osmolality of 290 mOsm/kg and a
random sodium concentration of 65 mEq/liter.
Immediately after admission, the patient received 50 ml of polyvalent
antivenom. Furosemide, 200 mg intravenously, produced no response.
He passed one tarry stool after admission. Peritoneal dialysis, started 3
days after the bite, was continued for 24 hours. He subsequently
received hemodialysis treatments on days 6 and 9 after the bite.
Coagulation parameters returned to normal by the eighth hospital day.
Right-sided pneumonia developed, for which he received penicillin and
gentamicin for 10 days. Renal biopsy performed on the twelfth day of
oliguria disclosed acute tubular necrosis and pigment casts in the
tubular lumina. He remained oliguric until II days after the bite, when
he entered a diuretic phase. The serum creatinine returned to 1.0 mg/dl
by 20 days after the snake bite, but mild cellulitis and discoloration of
the skin of the right leg persisted. He was sent home 21 days after he
received the snake bite. Renal function has remained normal on
followup.
Patient 2. A 58-year-old farmer was brought to the Emergency
Department of the Postgraduate Medical Institute in Chandigarh. While
plowing his fields 2 days before, he was bitten on the right ankle by a
snake that was killed and identified as a saw-scaled viper. One hour
after the bite, the patient complained of pain and swelling of the right
foot and bleeding from the fang marks. He was rushed to a nearby
hospital, where 20 ml of polyvalent (cobra-krait-viper) antivenom was
administered. His blood pressure was 130/90 mm Hg. There was no
bleeding from any other site. Ten hours after the bite, he passed 20 ml
of "cola colored" urine. Furosemide, 250 mg given intravenously,
evoked no response. He remained anuric over the next 48 hours and
was referred to this hospital.
On physical examination, he was pale, jaundiced, and confused. The
blood pressure was 152/90 mm Hg. The lungs were clear to percussion
and auscultation. Cardiac rhythm was regular. No abnormality was
detected in the abdomen or central nervous system. The right leg was
diffusely swollen up to the thigh. Two fang marks on the medial aspect
of the right leg above the malleolus were oozing blood slightly.
Laboratory investigation showed a hemoglobin of 10.5 g/dl; hemato-
crit, 35%; and white blood cell count, 10,500 mm3 with 83% neutrophils,
15% lymphocytes, and 2% eosinophils. The platelets were 3 1,000/mm3
and reticulocytes 3.2%. A peripheral blood smear revealed moderate
aniso- and poikilocytosis and numerous schistocytes. The serum so-
dium was 126 mEq/liter and potassium 7.0 mEq/liter. The blood urea
was 126 mg/dl; serum creatinine, 8.5 mg/dl; serum uric acid, 12 mg/dI;
calcium, 7.1 mg/dl; and inorganic phosphorus, 10 mg/dl. The serum
total bilirubin was 3 mg/dl with a conjugated fraction of I mg/dl.
Coagulation studies showed a clotting time of 5 minutes, prothrombin
index of 87%, and partial thromboplastin time of 79 sec (control, 42
sec). The librinogen level was 50 mg/dl. Plasma free hemoglobin was 14
mg/dl. Only 15 ml of urine, removed by catheter, was available for
urinalysis; this revealed 2+ protein and numerous red cells/high-power
field. Random urine sodium was 76 mEq/liter and osmolality 295
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mOsmlkg water. On the twelfth hospital day, the platelets had risen to
100,000/mm3 and the fibrinogen to 231 mg/di. Renal biopsy performed
on the 25th day after the bite disclosed 12 glomeruli, all of which
appeared necrotic. The tubules showed extensive necrosis and casts in
the lumina. The interstitium showed infiltration with lymphocytes and
mononuclear cells and scattered hemorrhages. A phosphotungstic acid
stain showed fibrin thrombi in the glomerular capillaries. The histologic
appearance suggested acute cortical necrosis.
Peritoneal dialysis was initiated immediately after admission, but on
the second day he was switched to twice-a-week hemodialysis. He
received 9 hemodialysis treatments over the next 4 weeks, durihg which
the peak blood urea and creatinine levels were 256 mg/dl and 14.2 mg/dl
respectively. Urinary output increased from less than 50 mi/day to
between 500 ml and 1500 mI/day by the end of the fourth week. Dialysis
was discontinued, and the serum creatinine stabilized at around 5.5
mg/dl. He was discharged 39 days after receiving the bite. At monthly
followup in the Renal Clinic over S months, serum creatinine ranged
between 5.5 mg/dI and 7.0 mg/dl. Serial skiagrams of the abdomen as
well as sonograms of the kidneys did not reveal any calcification in the
renal region. We were subsequently informed that he suddenly died at
home of an unknown cause six months after the snake bite.
Discussion
DR. K. S. CHUGH (Professor and Head, Department of
Nephrology, Postgraduate Institute of Medical Education and
Research, Chandigarh, India): The two patients presented
today exemplify the clinical course, spectrum of histologic
changes, and outcome of acute renal failure in viper-envenomed
patients as seen in India. I shall review the problem from four
aspects: (1) the epidemiology of venomous snake-bite-induced
acute renal failure in tropical countries; (2) the pathophysiology
of clinical signs and symptoms, with special reference to
bleeding, hemolysis, and coagulation abnormalities: (3) the
histologic lesions observed in the kidney and their pathogene-
sis; and (4) some aspects of therapy and prevention relevant to
snake-bite-induced acute renal failure in the tropics.
Epidemiology of venomous snakes and snake-bite-induced
acute renal failure
Snake bite is predominantly an occupational hazard in the
rural tropics. Worldwide, the published statistics on the inci-
dence, morbidity, and mortality from snake bite, largely based
on hospitalized patients, are grossly inadequate [1, 21. In
developing countries where this condition is most common, the
majority of victims initially are treated by professional snake-
bite healers, snake charmers, and religious men, who use herbal
remedies, chant divine "mantras," and apply "snake stone,"
all of which are supposed magically to draw out the venom from
the victim [31. Death often occurs even before the patient can be
brought to the hospital. According to most conservative esti-
mates, the global annual mortality from snake bite is around
40,000. Of these, approximately 10,000 deaths occur in India,
2,000 in Burma, and 23,000 in West Africa. A high incidence
also has been reported from other countries of Asia, Africa, and
South America [1—5]. In contrast, fewer than 12 persons die
from snake bite in the United States every year.
More than 2,700 species of snakes are recognized the world
over, but only about 450 of these have front fangs that make
them capable of injecting venom during the bite [6]. Fortu-
nately, only a few of them are known to be of medical
importance. The venomous snakes belong to four families:
elapidae, viperidae, hydrophiidae, and colubridae (Table I).
Table 1. Medically important venomous snakes of the world
Elapidae
Cobras
Kraits
Mambas
Coral snakes
Viperidae
Russell's vipers
Echis carinalus (saw-scaled or carpet viper)
Puff adders (Bilis arietans)
Pit vipers
Rattlesnakes
Other species
Hydrophiidae (sea snakes)
Enhydrina schistosa
Hydrophis cyanocinctus
Lapemis hardwickii
Pelamis platurus
Australian land snakes
Colubridae
Boomslang (Dispholidus typus)
Bird snake (Thelotornis kirtlandi)
Elapids are land snakes, the venom of which contains a high
concentration of neurotoxins. The elapids, encountered in
Africa and Asia [61, include cobras, kraits, mambas, and coral
snakes. Renal involvement is uncommon in victims of bites
from members of this family.
Vipers include the Russell's viper, Echis carinatus (saw-
scaled viper), puff adder, pit vipers, and rattlesnakes. The
vipers are the most widely distributed species. Russell's viper is
found in India, Burma, Pakistan, Thailand, and other areas of
Asia; Echis carinatus in Africa, India, Pakistan, Sri Lanka, and
the middle east; and the puff adder (Bitis arietans) in Africa.
Bites by the pit viper of the agkistrodon species are common in
Japan, Korea, Hong Kong, Taiwan, Malaysia, and Indonesia,
and those of the rattlesnake (crotalus species) and various
species of bothrops (which also are pit vipers) are seen in
Central and South America [1, 2, 7—9].
The carpet or saw-scaled viper, Echis carinatus, justifiably
can be labeled the most dangerous snake in the world. The
factors contributing to its deadliness are its widespread distri-
bution, abundance in farming areas, diurnal habits, good cam-
ouflage, and its highly toxic venom.
Hydrophid or sea snake bites are reported mainly among
fishing folk of Malaysia, Thailand, and western pacific coastal
areas [6, 10—13]. Sea snake venom is primarily myotoxic.
Important species prevalent along the Malaysian coast are
Enhydrina schistosa, Hydrophis cyanocinctus, and Lapemis
hardwickii. Some species of hydrophis are also found along the
coast of India. Pelamis platurus is a poisonous sea snake found
along the Pacific coast of Mexico and the east coast of Africa
[2]. Australian land snakes, formerly classified as elapids, are
now included in the hydrophiidae family because of the nature
of their myotoxic venom [14].
Colubrids include the boomsiang (Dispholidus typus), and the
bird snake (Thelotornis kirtlandi), which are back-fanged Afri-
can species. Back-fanged colubrids are usually harmless to
humans but are occasionally known to cause serious and fatal
poisoning [2].
Renal lesions have been associated with bites from members
of the last 3 families, including the Russell's viper [15—19],Echis
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Table 2. Medical causes of acute renal failure in Indiaa
1965—1974 1975—1980 1981—1986
Diarrheal diseases
(%) (%) (%)
23 12 10
Hemolysis (G6PD 12 12 6
deficiency)
Glomerulonephritis 11 9 9.5
Copper sulfate 5 2 1
Chemicals and drugs 4 5 7
Snakes and insects 3 3 2.5
Sepsis 2 1 8
Transplant-related 3 4
Miscellaneous, multiple 7 8 13
and unidentified
Percentage of total ARF 67 55 61
Number of medical causes 218 283 623
Total patients (all causes) 325 510 1027
a Data from Ref. 35.
following Russell's viper and sea snake bite in Thailand [18],
Fig. 1. Acute renal failure in northern India, 1965—1986. (Data from
Ref. 35.)
carinatus [9, 16, 18, 20—22], puff adder [23, 24], pit viper
[25—28], boomslang [29, 301, sea snake [10, 11], tiger snake [31],
gwardar [32], and small-eyed black snake [331. Acute renal
failure (ARF), the most significant of all the renal manifesta-
tions, has been reported with varying frequency in different
studies. Although bites from all the venomous snakes are
known to cause acute renal failure, a substantial proportion of
these cases results from viper bites. Information on the precise
incidence in different geographic regions is lacking but obvi-
ously varies with the distribution of the viperine snakes. In
India, the most widely distributed vipers are Echis carinatus
and Russell's viper [3], In our recently published study of 1862
patients dialysed for acute renal failure at Chandigarh, ARF
from venomous snakes and insects together constituted approx-
imately 3% of all cases of acute renal failure [34, 35]. The
incidence of venomous bites has not changed significantly here
over the last 20 years [35—38]. Figure 1 and Table 2 show the
pattern of acute renal failure among Indian patients over the last
20 years [35].
Most Indian patients are victims of Russell's viper or Echis
carinatus bites [15—20, 22, 38, 39]. This conclusion is based on
information obtained from descriptions of the snakes by the
patients or witnesses, the actual identification of the dead
snake, and the clinical course.
In India, the incidence of ARF is 13% to 32% following Echis
carinatus or Russell's viper bite [16, 38, 39]. At our center, of a
total of 246 patients treated for viper bite poisoning (from 1965
to 1987), 70 patients (28%) developed acute renal failure. The
dead snake was brought in for identification in only 7 instances;
3 were Russell's viper and 4 Echis carinatus.
Comparable data are available from several other countries.
Among patients hospitalized with snake bite in Nigeria, the
incidence of acute renal failure was approximately 1% after
Echis carinatus poisoning [9], and 10% following puff adder
bites [24]. In other countries, reported incidence rates of ARF
are 6.2% following Palestinian viper bite in Israel [40], 5%
and 27% following unidentified viper bites in Ceylon [41].
Clinical presentation of envenomed patients
Essentially no difference exists in the clinical manifestations
of patients bitten by Echis carinatus or Russell's viper. The
clinical effects vary from local symptoms to extensive systemic
manifestations, which can rapidly prove fatal. The earliest
symptoms in patients bitten by vipers are pain and swelling of
the bitten part, which generally appear within a few minutes. In
severe poisoning, the swelling can spread to involve the whole
limb within 24 hours. Edema is due to the exudation of plasma
or blood as a consequence of the vasculotoxic effect of the
venom on the capillary endothelium [42]. Extravasation of
blood into the subcutaneous tissue results in skin discoloration.
Blistering or local necrosis is observed in approximately 40% of
patients bitten by Echis carinatus [43].
Hemorrhage, which occurs in approximately 65% of patients,
is a major symptom of systemic viper poisoning. Blood can
ooze continuously from the fang marks, and patients bleed from
a variety of sites. Hematemesis, melena, hemoptysis, and
hematuria are well-known manifestations. Bleeding also can
occur into the muscles, fasciat compartments, serosal cavities,
and subarachnoid space. In severe cases, blood loss can con-
tribute to severe hypovolemic shock.
Some patients experience nonspecific symptoms such as
vomiting, abdominal pain, and diarrhea. These features usually
resolve spontaneously within 30 to 60 minutes, however. The
rapidity of this response suggests as its cause activation of the
kinin system, followed by inhibition of bradykinin, rather than
a direct effect of the snake venom. Shock starting later is
generally associated with hypovolemia from loss of blood and
plasma.
Bleeding, hemolysis, and abnormal coagulation due to
envenoming
The most striking abnormalities following bites by Russell's
viper and Echis carinatus are bleeding and coagulation defects
[9, 15]. Viper venoms contain a number of active substances;
some induce clotting, some induce bleeding, and some have
other effects. Spontaneous bleeding is caused mainly by direct
• Medical
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Fig. 2. Sites of action of snake venom on the coagulation cascde. ECV
refers to Echis carinatus venom; RVV refers to Russell's viper venom.
endothelial damage by a venom component, hemorrhagin,
which does not affect coagulation. Hemorrhagin directly dam-
ages the blood vessels by loosening the gaps between endothe-
ha! cells, thus injuring the basement membrane of the capillaries
[42]. In-vitro and animal experiments have shown that venoms
from Echis carinatus and Russell's viper have a procoagulant
effect [44, 45]. In vivo, if the venom dose is large, massive
intravascular clotting can stop the circulation and cause rapid
death. With smaller doses of venom, such as those typically
injected in humans, there is a continuous activation of fibrin-
ogen, producing a fragile fibrin more susceptible to lysis than is
ordinary fibrin. The venom thus destroys fibrinogen as quickly
as the liver provides it, and as a consequence the blood either
fails to clot or clots poorly.
The final coagulation disturbance depends on the balance
among the activity of procoagulant, anticoagulant, and fibri-
nolytic and fibrinogenolytic components of the injected venom.
Russell's viper venom selectively activates Factor X. Echis
carinatus venom, besides activating Factor X, also accelerates
conversion of prothrombin to an abnormal thrombin [46]. This
abnormal thrombin promotes coagulation, but it simultaneously
prevents stabilization of fibrin both by inhibiting Factor XIII
activity and stimulating the plasminogen system. This phenom-
enon results in a clinical picture similar to that of disseminated
intravascular coagulation (DIC), with fibrinolysis and marked
consumption of clotting Factor V [9, 461. In viper bite poison-
ing, although shock and hemorrhage usually resolve within a
week, the coagulation changes can persist for 2 weeks or even
longer if specific antivenom is not given. Figure 2 depicts the
Fig. 3. Gross appearance of a kidney from a patient who died from
snake-bite-induced acute renal failure. Cortex is pale, and medulla
looks dark.
site of action of the Russell's viper and Echiscarinatus venoms
on the coagulation cascade.
The results of our investigations in 36 patients with ARF due
to snake bite and evidence of DIC are shown in Table 3. Among
these, 56% showed evidence of acute DIC, 30% compensated
DIC, and 14% isolated thrombocytopenia. In contrast, the
coagulation abnormalities in 29 patients in whom snake bite was
not accompanied by renal failure comprised acute DIC in 17%,
compensated DIC in 38%, thrombocytopenia in 17%, acute
defibrination in 21%, and hyperfibrinogenolysis in 7% (Table 4).
Intravascular hemolysis, present in more than 50% of patients
with ARF (38 of 70), was evident from the presence of anemia,
jaundice, reticulocytosis, raised plasma free hemoglobin, ab-
normal peripheral blood smear, and hemoglobinuria (Table 5).
Renal manifestations
Oliguriaor anuria generally develops within a few hours to as
late as 96 hours after the bite [10,15, 16, 17, 28, 47, 48]. In 94%
of our patients (66/70), oliguria or anuria was noticed within 2 to
72 hours. The remaining few patients had nonoliguric renal
failure. Dialysis was required because of severe renal failure in
53 of the patients.
Renal histology was studied in 44 of our patients. The tissue
was obtained by biopsy in 30 patients and at autopsy in 14
patients (Fig. 3). Thirty-two of these 44 patients (73%) had
predominant changes of acute tubular necrosis. Patchy cortical
necrosis was present in 4 patients (9%) and diffuse cortical
necrosis in 8 (18%). Forty-six patients (66%) recovered, 20
patients (28%) died in the hospital, and 4 patients (6%) had
persistent mild to moderate renal insufficiency. The major
clinical, hematologic, and histologic data are summarized in
Table 6. I will return to the pathogenesis of acute tubular
necrosis later.
In sea snake poisoning, acute renal failure generally occurs as
a consequence of myonecrosis due to the myotoxic action of the
venom. The clinical course is characterized by muscle pain,
muscular paresis or paralysis, and hyperkalemia; myoglobin-
uric renal failure develops. Hemodialysis leads to rapid im-
provement in muscular activity [11]. Sea snake venom has a
neurotoxic action in experimental animals but a myotoxic
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Table 3. Coagulation parameters in 36 patients with ARF
Compensated Isolated
Acute DIC DIC thrombocytopenia
n=20 n=1l n=5
Parameter Mean SD Mean SD Mean SD
Bleeding time (mm) 10.5 4.4 7.7 1.9 >10
Clotting time (mm) 19.7 11.3 8.3 4.1 Normal (<5)
Prothrombin time (sec) 70.0 55.0 20.0 5.0 14.0 1.0
Prothrombin index (%) 35.0 24.0 75.0 15.0 96.0 3.0
Partial thromboplastin time (sec) 119.0 39.0 58.0 18.0 39.0 2.0
Thrombin time (sec) 36.0 38.0 14.0 5.0 12.0 1.0
Fibrinogen (mg/dl) 68.0 38.0 119.0 37.0 254 43
Fibrin degradation products (+ ye) 88% 33% Negative
Platelet count (X 109/liter) 61.0 28.0 94.0 70.0 46.0 25.0
Table 4. Coagulation abnormalities in envenomed patients with and
without ARF
Type
With
No.
ARF
%
Withou
No.
t ARF
%
Acute DIC 20 56 5 17
Compensated DIC 11 30 11 38
Thrombocytopenia 5 14 5 17
Acute defibrination 0 0 6 21
Hyperfibrinogenolysis 0 0 2 7
Total 36 100 29 100
Table 5. Parameters of intravascular hemolysis in 38 patients
Parameter Range
Percentage or
mean SD
Jaundice (%) — 60%
Cola-color urine (%) — 80%
Hemoglobin (g/dI) 3.3—13.0 7.0 2.6
Reticulocyte count (%) 0.5—8.0 2.8 2.!
Serum bilirubin (mg/do 0.5—6.4 1.6 1.6
Plasma free hemoglobin (mg/dl) 5—163 44.8 47.7
Urine hemoglobin (mg/dl) 10—436 340 107
action in humans. The action of Australian land snake venom is
similar to that of sea snake venom, and myoglobinuric renal
failure has been documented in human victims [3 1—33].
Renal pathology
Tubulointerstitial lesions, predominantly acute tubular necro-
sis, are observed in 70% to 80% of patients with acute renal
failure [3, 4, 6—8, 12, 18, 25]. Biopsies performed during the first
week after envenoming reveal dilated tubules lined by flattened
epithelium and, in severe cases, tubulorrhexis with cell necrosis
and desquamation of the necrotic cells from the basement
membrane (Fig. 4). The tubular lumina sometimes contain
hyaline or hemoglobin pigment casts. Varying degrees of inter-
stitial edema, inflammatory cell infiltration, and scattered areas
of hemorrhage can be present. Biopsies done later reveal
regenerating tubular epithelium and granular casts in the lumina
[15, 16]. Myoglobin casts are seen in patients bitten by the sea
snake or the Australian small-eyed black snake [18].
Date and Shastry have carried out detailed ultrastructural
analyses of renal tissue from patients with ARF from snake
bites [491. Electron microscopy reveals dense intracytoplasmic
Table 6. Clinical and laboratory data in 70 patients with acute renal
failure from snake bite
Parameter
Mean SD
or ratio with
abnormality Percentage
Age (years) 27.1 15.8 —
Sex 58M,12F —
Oliguria/anuria 66/70 94
Hypotension (<90 mm Hg) 11/70 16
IV hemolysis 38/70 54
DIC 30/70 43
Peak blood urea (mg/dl) 233 107 —
Peak serum creatinine 9.2 3.4 —
(mg/dl)
Acute tubulointerstitial 32/44 73
lesions
Acute cortical necrosis 12/44 27
Mortality 20/70 28.6
bodies representing degenerating organelles in the proximal
tubules, with areas of denudation of the basement membrane.
Distal tubular cells show a dilated endoplasmic reticulum and
many degenerating organelles. Some tubules are completely
acellular, consisting of only a collapsed basement membrane.
The interstitium is infiltrated with eosinophils, mast cells,
plasma cells, lymphocytes, and some hyperplastic fibroblasts.
Mast cells and eosinophils show both granulated and partially
degranulated forms [49]. Thus the lesions arising from snake-
bite-induced ARF differ from those observed in acute tubular
necrosis due to other causes. Features unique to snake-bite-
induced ARF are the severe tubular and vascular lesions,
increased apoptosis (defined as accelerated physiologic cell
death) in the distal tubules, and in the presence in the intersti-
tium of eosinophils, mast cells, and hyperplastic fibroblasts
[49].
Acute interstitial nephritis alone has been observed by us in
one patient following Echis carinatus bite and in 2 patients
following Russell's viper bite [50, 51]. A recent report from
India described renal papillary necrosis [39], but the species of
snake causing the lesion was not identified.
Two instances of necrotizing arteritis of the interlobular
arteries have occurred in association with acute tubular necro-
sis secondary to Russell's viper bite. Thrombophlebitis of the
arcuate vein and its tributaries also was present in these
patients. Dense deposits of C3 were seen in the walls of afferent
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Fig. 5. Light microscopy showing necrotic glo,neruli and tubules in a patient with acute cortical necrosis. Glomerular capillaries contain fibrin
thrombi.
and efferent arterioles in these cases, but the significance of this 12% of all cases of cortical necrosis in our study [53] and 3.5%
observation is not clear [48]. in another series from India [54]. Cortical necrosis has been
The renal lesion that carries the most sinister prognosis is documented in patients bitten by Russell's viper, Echis can-
acute cortical necrosis (Fig. 5). Snake bite, the second most natus, Agkistrodon hypnale, and bothrops species [7, 15, 16,
common cause of acute cortical necrosis in India, comprises 19—21, 25, 28, 30, 52]. Cortical necrosis can be patchy or diffuse.
Fig. 4. J'hotomicrograph shoiing acute tubular necrosis.
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Fig. 6. Photomicrograph showing ischemic necrosis of glomeruli and
occluding renal microvasculature (H & E x 160).
In one of our studies of 45 patients with viper-bite-induced
acute renal failure [16], 10 patients [22%] showed cortical
necrosis on renal biopsy or at autopsy.
Autopsy specimens showing diffuse cortical necrosis dis-
closed a narrow subcapsular zone containing a few tubules and
an occasional glomerulus that appeared normal. This zone
overlay a broad ischemic area occupying most of the cortex. In
this ischemic area, only the outline of the glomeruli and the
tubules could be discerned. Fibrinoid necrosis and occlusive
thrombosis were seen in lobar and sublobar arteries in about
20% of cases (Fig. 6). Fibrin thrombi were observed in the
glomerular capillaries in 10% to 25%(Fig. 7). The ischemic zone
was separated from the medulla by a zone of tissue that
appeared hyperemic and contained a dense leukocytic infiltrate.
The deeper cortical and medullary regions showed changes of
extensive tubular necrosis. The histologic changes varied with
the duration of illness. Evidetice of healing was seen in the form
of fibroblastic proliferation, organization of arterial and arteri-
olar thrombi, and fibrosis of the arterial wall. Calcification on
either side of the necrotic zone (subcapsular as well as cortico-
medullary) could be seen both in early and late stages of the
infarct. In biopsy specimens showing patchy cortical necrosis,
varying numbers of glomeruli were found to be necrotic [16,
53].
Renal ultrastructure in cortical necrosis following Russell's
viper bite has been reported in 2 patients [55]. In one patient
who was biopsied 10 days after envenomation, the glomeruli
showed collapsed capillary basement membrane denuded of
epithelial cells and foot processes. The urinary space was filled
with erythrocytes, neutrophils, degenerating epithelial cell cy-
toplasm, and fibrin. No viable endothelial or mesangial cells
were identifiable in the tuft, but swollen rounded cells, appar-
tubules. Fibrinoid necrosis of arterioles and fibrin thrombi are seen
ently of endothelial origin, were present in some capillary
loops. No platelets were visible. Tubules showed an intact
basement membrane surrounding degenerating epithelium,
erythrocytes, and leukocytes. Endothelial swelling of small
arterioles and necrosis of peritubular capillaries also were
evident in this patient.
In the second patient, the biopsy was performed 31 days after
the bite. The urinary space contained unidentified cells with
large cytoplasmic vacuoles but no erythrocytes. The cortical
tubules were lined by flattened epithelium with large nuclei and
a dilated endoplasmic reticulum. The tubular basement mem-
brane was thickened, and fibroblastic proliferation was seen in
the interstitium.
Sitprija and Boonpucknavig have found electron-dense
mesangial deposits by electron microscopy even in the absence
of renal failure in patients bitten by cobras and green pit vipers.
In green pit viper envenoming, fibrin thrombi and degenerating
platelets have been observed in the glomerular capillaries [56].
Immunofluorescence data are scanty; Sitprija and colleagues
demonstrated granular deposits of C3 without any immunoglob-
ulins in the glomerular mesangium and arterial walls in 2
patients with acute renal failure following Russell's viper bite
[48].
Do snake-bitten patients develop glomerulonephritis?
The presence of glomerular lesions in envenomed patients
has aroused curiosity as well as controversy over the past few
years. Solid information on the evolution of these lesions is still
not available. In 1960, Steinbeck described a patient who
developed nephrotic syndrome following a snake bite; unfortu-
nately the renal histology was not studied [57]. In the early
l970s Sant and Purandare reported "proliferative glomerulitis"
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Fig. 7. Light microscopy showing fibrin deposits in the glomerular capillaries. Glomeruli appear bloodless. Extensive necrosis is seen in the
tubules (H & £ x 180).
in patients bitten by Echis carinatus and ascribed these lesions
to the toxic effect of the venom on the kidney [58]. About the
same time, Seedat, Reddy, and Edington reported 2 cases of
crescentic glomerulonephritis after puff adder bite (Bitis arie-
tans) [23]. Since severe oliguria had appeared within 48 hours of
the bite, they considered hypersensitivity to the venom rather
than immune-complex disease as the likely basis of glomerular
injury. More recently, Sitprija and Boonpucknavig described
another case of extracapillary glomerulonephritis associated
with acute tubular necrosis after a Russell's viper bite [59].
These authors accepted the hypothesis that vasculotoxic action
of the venom was responsible for the glomerular lesions. Other
investigators have reported mesangiolysis, mild mesangial pro-
liferation, an increase in mesangial matrix, segmental thicken-
ing or splitting of the basement membrane, or ballooning of
glomerular capillaries in some patients bitten by a variety of
vipers [18, 20, 271.
Experimental studies. Experimental studies carried out with
venoms of known species of snakes have shed some light on the
genesis of glomerular lesions observed in humans. The venom
of the Habu snake, a pit viper indigenous to southern Japan, has
been studied most extensively [60—65]. This venom contains a
hemorrhagin but is devoid of procoagulant activity. Studies
have been conducted on rabbits and rats; the former appear to
be more sensitive. Within 6 to 24 hours after the appropriate
dose of venom, destruction of the mesangium (mesangiolysis)
occurs, resulting in focal and segmental ballooning of the
glomerular capillaries. These capillaries, packed with red cells
and fibrin, look like blood-filled cysts. After 3 days, prolifera-
tion of mesangial cells or transformed blood monocytes begins
and these cells gradually fill the entire ballooned capillary; the
appearance is that of a segmental proliferative glomerulonephri-
tis. Crescents are rarely seen. The tubules and interstitium
appear normal.
On electron microscopy, the predominant change is a pro-
gressive destruction of the mesangial matrix and cells. Protein-
aceous fluid accumulates between the strands of mesangial
matrix. Platelets aggregate in these areas, break down, and
form membrane-bound granules. The mesangial matrix under-
goes dissolution and the mesangial cells alsO degenerate and
disappear. Capillaries show detachment of endothelial cells, but
the basement membrane remains intact. Capillary lumina en-
large as a result of breakdown of the mesangium and loss of the
"anchoring points" of the capillary walls.
Cattell and Bradfield noted that the earliest lesion is the
appearance of loose platelet aggregates in the glomerular cap-
illaries [63]. These platelets undergo degranulation, and numer-
ous free membrane-bound granules soon become visible around
them. Because snake venoms cause platelet aggregation and a
release reaction in vitro [66], these authors suggested that a
venom-induced platelet release reaction initiates mesangiolysis
[63].
As early as 1909, when mesangiolysis was not a recognized
entity, Pearce noticed blood cysts in glomeruli after adminis-
tration of rattlesnake venom to rabbits and attributed these
changes to hemorrhage into the glomerular tuft [67]. In recent
years Schmidt et al studied the ultrastruôtural alterations pro-
duced in the glomeruli and proximal tubules 9 hours after
rattlesnake (Crotalus atrox) venom administration in Swiss
white mice [68]. One of the consistent findings was mes-
angiolysis, with collagenous fibrils in the lysed areas. The
visceral epithelial cells showed intracellular edema, hemor-
rhage, vesiculation, formation of microvillous projections, and
dilation of the endoplasmic reticulum and mitochondria. Similar
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alterations were noted in the parietal epithelium. Numbers of
lysosome-related structures were increased and nuclear cister-
nae of the cells of the proximal tubules were dilated. In the
same study, however, sea snake (Laticauda semifasciata)
venom produced only focal intracellular edema and organellar
swelling in the visceral epithelium and no change in the proxi-
mal tubular cells [681.
Experiments with injection of Echis colarata venom in guinea
pigs have shown that an early abnormality is the development
of fibrin thrombi in the glomeruli and hemorrhage into the
kidney [69]. These thrombi are seen within 5 minutes after the
venom is injected. No fibrin thrombi were found, however, if
the animals were sacrificed 4 to 6 hours after envenomation. In
rhesus monkeys dying 48 to 72 hours after receiving a lethal
dose of Echis carinatus venom, examination disclosed dilation
of vessels in the cortex and medulla, interstitial hemorrhage,
and acute tubular necrosis [70]. Sant et al gave a lethal dose of
E. carinatus venom to rabbits and Bonnet monkeys; the main
finding in the kidney was glomerular endothelial cell prolifera-
tion as early as 12 hours after venom administration [22].
In one of our studies in rhesus monkeys [16, 71], administra-
tion of a lethal dose of Russell's viper and Echis carinatus
venom was followed by hemorrhages in the kidneys (as well as
in other organs) in all animals, and by mild acute tubular
necrosis in 20% of the animals. After a sublethal dose, more
than 50% of the animals showed acute tubular necrosis. Fibrin
is demonstrable in 50% to 75% of the glomeruli [16, 71, 72].
Mesangiolysis seems to be the most consistent, early abnor-
mality associated with snake envenomation in experimental
studies. This alteration most likely is related to the cytotoxic
action of the venom on the glomerular mesangium. These
studies also suggest that the mesangial hyperceilularity ob-
served in the renal biopsy and autopsy specimens, which
generally become available days or weeks after snake bite in
humans, likely represents a late stage in the evolution of
glomerular changes. Perhaps the earlier stage of mesangiolysis
has been missed. Whether the 2 reported patients with prolif-
erative glomerulonephritis associated with crescent formation
after Bitis arietans bites [23] can be categorized as "toxic" or
were the result of an "allergic" response to the venomous
protein remains an unanswered question.
I conclude, therefore, that clinically significant glomerular
disease in human victims of snake bite is either a rare or a
nonexistent phenomenon. In the absence of clinical features of
glomerulonephritis among patients who display the glomerular
lesions, the significance of the changes observed by investiga-
tors remains unclear [20].
Pat ho genesis of renal lesions
The clinical and experimental studies I have discussed pro-
vide important clues to the disorders and the pathogenetic
mechanisms that cause acute tubular necrosis and cortical
necrosis in snake-bitten patients. I should like to consider now
the specific pathogenetic contribution of many possible factors,
including nephrotoxicity of venom, bleeding, hypotension and
circulatory collapse, intravascular hemolysis and myoglobinu-
na, disseminated intravascular coagulation, microangiopathic
hemolytic anemia, sepsis, and hypersensitivity to venomous or
antivenomous protein.
Nephrotoxicity of the venom. Snake venom is thought by
some investigators to have direct cytotoxic effects on the
kidney [15, 52]. Hadler and Brazil, in a study on crototoxin,
attributed renal tubular lesions partly to the effect of lysoleci-
thin formed by phospholipase activity [73]. Raab and Kaiser
observed a significant increase in urinary alkaline phosphatase
and aminopeptidase activities following administration of Agki-
strodon piscivorus venom in rats and attributed the increase in
enzymatic activity to a direct toxic effect of venom on tubular
epithelial cells [74]. These observations are supported by the
findings by Schmidt et al [68]; they noted focal organelle
swelling, intracellular edema of the visceral epithelium, mes-
angiolysis, and proximal tubular damage on electron micros-
copy after administration of rattlesnake venom in mice. In
contrast, sea snake venom produced no proximal tubular dam-
age at all [68]. The striking features of the experiments with
rattlesnake [67] and habu snake envenomation [60—641 have
been the glomerular changes consisting of mesangiolysis and
formation of blood cysts. Experimental studies with '25I-labeled
Echis carinatus venom and the estimation of venom antigen in
human victims using the ELISA technique have demonstrated
that this venom can gain access to the tubular lumen without
causing any functional or structural abnormality in the kidney
[6, 75]. Moreover, the paucity of renal lesions in rhesus
monkeys given a lethal dose of Russell's viper or Echis can-
natus venom, and the demonstration of variable degrees of
acute tubular necrosis and fibrin thrombi in the glomerular
capillaries in the majority of those animals given a sublethal
dose in the Chandigarh study argue against direct nephrotoxic-
ity of these venoms as a major factor in the pathogenesis of
renal failure in humans [16, 71]. These conflicting observations
led us to evaluate the role of other effects of the venom as the
cause of acute renal failure.
Hypotension. Bleeding, either into tissues pr externally, and
loss of plasma into the bitten extremity can produce hypoten-
sion and circulatory collapse. Russell's viper and Echis can-
natus bites also can cause hypotension and collapse by releas-
ing bradykinin [2]. Kinin-forming enzymes (kininogenases) are
present in crotalid venom [78, 79]. Vipera palestinae venom is
thought to cause shock by depression of the medullary vaso-
motor center [80]. Bitis arietans causes hypotension by a
combination of myocardial depression, arteriolar vasodilation,
and increased vascular permeability. No matter what the cause,
hypotension and circulatory collapse set in motion a chain of
hemodynamic disturbances, which are known to culminate in
ischemic acute renal failure [81].
Intravascular hemolysis/myoglobinuria. Another factor
thought to have pathogenetic significance in snake-bite-induced
acute renal failure is intravascular hemolysis [15, 16]. Peiris Ct
al observed severe and alarming hemolysis following Russell's
viper bite [82]. My associates and! observed varying severity of
hemolysis among Echis carinatus- and Russell's viper-enven-
omed patients and animals [15, 44, 45]. Hemolysis results from
the action of phospholipase A2, which is present in almost all
snake venoms, and a basic protein called "direct lytic factor,"
found only in elapid venoms [83]. Phospholipase A2 causes
hemolysis by direct hydrolysis of red cell membrane phospho-
lipids or indirectly via the production of the strongly hemolytic
lysolecithin from plasma lecithin. The occurrence of micro-
angiopathic hemolytic anemia has been demonstrated in ani-
mals given Agkistrodon rhodostoma (Malayan pit viper) venom
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[84] and in human victims of Russell's viper [15, 17], puff adder
[24], and gwardar [32] bites.
Although the association between intravascular hemolysis
and acute renal failure has been well documented in a wide
variety of clinical situations [851, the exact mechanism of renal
failure following hemolysis is not well understood. In the
mid-1940s the finding of pigment casts in the lumina of tubules
led Bywaters and Stead to suggest that tubular obstruction was
a major factor both in hemoglobinuric and myoglobinuric renal
failure [86]. Although intravenous injection of purified crystal-
line hemoglobin does not lead to acute renal failure, a byprod-
uct of the hemolytic process—possibly the erythrocytic wall or
a cytoplasmic constituent—could result in renal ischemia and
renal failure [87]. Plasma free hemoglobin levels greater than
200 mgldl appear to be particularly toxic to the renal tubular
cells [881. The levels of plasma free hemoglobin that we
observed were significantly lower [16] and by themselves might
not be toxic to tubular cells. Hemoglobinuria is thought to
induce acute renal failure, however, when combined with other
adverse factors, such as dehydration, hemorrhage, or hypoten-
sion. This hypothesis receives indirect support from experimen-
tal studies on myoglobinuric acute renal failure induced by
glycerol, in which volume expansion within 3 to 6 hours
restores glomerular filtration rate and renal plasma flow to
normal [89]. Thus, dehydration and volume depletion may
potentiate the effect of hemoglobinuria on the kidney.
Disseminated intravascular coagulation. Disseminated intra-
vascular coagulation (DIC) is a consistent feature in patients
bitten by several species of snakes, including Russell's viper
[15, 17, 48], Echis carinatus [9, 77], boomslang [29, 30], and pit
viper [90]. The occurrence of DIC as a major hemostatic
abnormality is well documented experimentally. We infused
Russell's viper or Echis carinatus venom into rhesus monkeys
[44, 45]. Abnormal coagulation parameters suggestive of DIC
were detected within 2 hours of injection of a lethal dose of the
venom, but these changes first occurred from a few hours to 3
weeks after sublethal envenomation. The mechanism by which
DIC occurs varies with the type of venom. Echis carinatus
venom directly activates prothrombin to thrombin [10, 45, 77];
the venom of Russell's viper activates Factor X, thereby
inducing rapid thrombin formation in the presence of Factor V,
calcium ions, and phospholipids [44, 91, 92]. The venom of
many pit vipers also has thrombin-like activity [90].
The presence of fibrin thrombi in the renal microvasculature
and in the glomerular capillaries, and the findings of micro-
angiopathic hemolytic anemia and thrombocytopenia in pa-
tients with cortical necrosis strongly suggest that DIC plays a
major pathogenetic role in the renal lesions of snake-bite-
induced cortical necrosis [15, 16]. Indeed, intravascular coagu-
lation and fibrin thrombi in glomerular capillaries also are a
hallmark of cortical necrosis associated with abruptio placen-
tae, amniotic fluid embolism, and septic abortion [93, 941. In the
latter disorders, a hypercoagulable state triggered by release of
thromboplastic material from the placenta or amniotic fluid is
considered the most likely cause of fibrin deposition [93, 95].
Experimentally, acute bilateral cortical necrosis can be pro-
duced by inducing a Shwartzman phenomenon with endotoxin
[96]. The endotoxin infusion model has relevance to the patho-
genesis of renal lesions in snake bite; snake venom initiates a
chain reaction involving the coagulation, fibrinolytic, kinin, and
complement systems. Venom-induced alterations lead to intra-
vascular coagulation and to deposition of fibrin thrombi in blood
vessels. These changes occur in patients as well as in experi-
mental models [16, 72]. Intraglomerular fibrin deposition of a
lesser degree has been suspected as causing acute tubular
necrosis via a temporary interruption of the tubular blood
supply [44, 49], but hemodynamic alterations appear to be more
important.
Other factors. Warrell et al [9] and Bhat [43] reported the
presence of mild to moderate transitory proteinuria in snake-
bite victims. Grace and Omer noted allergic manifestations in
24% of patients receiving antivenom [97]. These papers suggest
that hypersensitivity to venomous or antivenomous proteins
causes renal lesions in some patients. Two patients developed
glomerulonephritis following puff adder bite [23], and one
patient bitten by a Russell's viper presented with acute renal
failure soon after envenomation [591. All 3 patients appear to be
examples of hypersensitivity reaction.
The role of complement in the causation of renal damage is
far from clear. We have observed that serum complement C3 is
severely depressed by the administration of Echis carinarus or
Russell's viper venom in experimental animals [98]. Sequential
studies further have revealed that low levels of C3 persist
following lethal envenomation until the animal dies (Fig. 8).
Following sublethal envenomation, C3 increases steadily from
48 hours onwards, and pre-envenomation values are attained
within 3 weeks (Fig. 9). Evidence for complement activation,
chiefly via the alternate pathway, has been obtained following
bites by the Russell's viper, the saw-scaled viper, and the
bloomslang and has been attributed to a nonimmune mechanism
[9, 29]. In 2 patients who exhibited renal arteritis along with
acute tubular necrosis, granular deposits of C3 in the absence of
immunoglobulins or fibrin were seen in the mesangium and
arterial wall [481. The absence of renal lesions in patients
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Fig. 8. Serum complement levels hours after lethal envenomat ion. (•
refers to Russell's viper bite; • refers to Echis carinatus bite; PE refers
to pre-envenomation. Data from Ref. 98.)
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refers to Russell's viper bite; •-• refers to Echis carinatus bite. Data
from Ref. 98.)
exposed to spitting cobra venom [99] (which also is known to
cause complement depletion) and the occurrence of renal
lesions in the absence of hypocomplementemia, however, viti-
ate the role of complement activation in renal damage.
Therapy and prevention
The basic therapeutic approach for acute renal failure in
patients bitten by snakes is the same as that for acute renal
failure of any other cause. But several problems other than
renal failure can pose an immediate threat to the life of an
envenomed patient. These problems include bleeding, coagula-
tion disturbances, shock, and sepsis.
Early administration of antivenom is a vital therapeutic
measure. It is safe and also desirable, however, to wait for clear
evidence of systemic poisoning to emerge before giving the
antivenom because of the risk of untoward reactions associated
with the injection of serum from animals. Allergic reactions are
known to occur in about 15% of patients. More dreaded is the
acute anaphylactic reaction, although fatal anaphylaxis is un-
doubtedly a rare occurrence. Where monovalent antivenom is
available, it is important that the species of snake be known.
Identification of the snake by the victim is unreliable, however,
and the snake is seldom killed and brought in for identification.
Newer immunodiagnostic techniques can be employed to easily
and rapidly identify the venom antigen. Microplate ELISA
takes approximately 3 hours, but even more rapid techniques
are becoming available [1001. Unfortunately, only polyvalent
antivenom (such as the one used in both patients presented) is
available in most tropical countries where snake bite is a major
problem, so the rapidity of immunodiagnostic techniques is
irrelevant at present. Polyvalent antivenom is less effective, and
higher dosages have to be employed to achieve adequate
results. In a controlled trial, Warrell and colleagues demon-
strated that an average dose of 15 ml of echis antivenom from
the South Africa Institute of Medical Research was more
effective than a 38 ml dose of north and west African polyvalent
from Behring werke [101]. In a study from India, Bhat observed
that 60—270 ml (average 120 ml) of Kasauli polyvalent cobra-
krait-viper antivenom was needed to reverse the clotting defect
[43]. Also, monospecific Echis carinatus venom made in India
can be highly effective against bites by Indian Echis carinatus
but sometimes is ineffective against envenoming by African
species of this viper [6].
Blood coagulability generally is restored within 6 hours of an
adequate dose of antivenom, but repeated doses sometimes are
indicated until the blood clots normally. Tests for coagulability
should be repeated for at least 3 days to detect the recurrence of
coagulation defects due to delayed absorption of venom from
the bite area [99]. Antivenom should be given to patients with
uncoagulable blood, even several days after the bite.
Although heparin formerly was considered a rational form of
therapy for disseminated intravascular coagulation, clinical
trials comparing antivenom alone and a combination of antiven-
om and heparin in Echis carinatus bites have failed to demon-
strate any additional benefit in the patients receiving both
agents [77].
Lost blood should be replaced with fresh blood, because
bleeding is the consequence of consumptive coagulopathy and
thrombocytopenia. Other therapeutic measures include mainte-
nance of electrolyte balance, administration of tetanus immune
globulin, and treatment of pyogenic infection with antibiotics.
In patients with intravascular hemolysis, maintenance of a high
urine output by increasing fluid intake and giving a diuretic, as
well as rendering the urine alkaline early in the course of the
disease may prevent renal damage. In puff adder bites, an initial
dose of 80 ml of antivenom is recommended in patients with
systemic envenoming or swelling affecting more than one-half
of the bitten extremity [241. In sea snake envenomation, pa-
tients who experience only muscle pains and tenderness require
1,000—2,000 units of antivenom, whereas patients who manifest
muscular paralysis and myoglobinuria need 3,000—10,000 units
of Enhydrina schistosa antivenom [102]. This antivenom regi-
men also has been found effective against hydrophis and
lapemis species. The timely administration of specific antiven-
om and prompt replacement of blood and fluid losses conceiv-
ably could prevent renal complications to a considerable de-
gree.
Summary
Acute renal failure complicates the course in 5% to 30% of
victims of severe viper poisoning. No consensus exists on the
single mechanism causing acute renal failure after viper bite. It
is known, however, that viper venom induces several clinical
abnormalities that favor the development of acute renal failure.
These alterations include a varying degree of bleeding, hypo-
tension, circulatory collapse, intravascular hemolysis, and dis-
seminated intravascular coagulation with or without micro-
angiopathy. A direct cytotoxic action of snake venom on the
kidney is suspected, but convincing evidence is still lacking.
Severe hypocomplementemia is consistently present, but I
doubt its role in the causation of renal lesions. Hypersensitivity
to venomous or antivenomous protein occasionally causes
acute renal failure. In sea snake poisoning, myonecrosis and
myoglobinuria appear to play the predominant pathogenetic
role. The renal lesions of clinical significance in envenomed
patients are acute tubular and patchy or diffuse cortical necro-
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sis. Glomerulonephritis, interstitial nephritis, and papillary ne-
crosis have been reported in rare patients.
I trust that this overview of the clinical and basic-science
aspects of snake-bite-induced acute renal failure will prompt
investigators to further define the pathogenetic mechanisms
involved. Lessons learned may aid patients with acute renal
failure of diverse causes, both here in India and around the
world.
Questions and answers
DR. VIsITH SITPRIJA (Professor of Medicine, Chulalongkorn
University Hospital, Bangkok, Thailand): There seem to be
geographic variations with respect to renal involvement. You
see many patients with cortical necrosis from Russell's viper
bite, whereas we do not see many cases in Thailand. What do
you think might account for the high incidence in India?
DR. CHUGH: We certainly see more cases of acute cortical
necrosis following Russell's viper and Echis carinatus bites in
India than you see in Thailand. Our findings have been corrob-
orated by other workers from southern and western India [17,
201. This variation is not likely to be due to any genetic
predisposition among different ethnic populations but to the
venom constituents of different subspecies of snakes. The
differences in the signs and symptoms of envenomation as well
as the ineffectiveness of monovalent antivenom against other
subspecies of the same snake [6, 9] suggest differences in
venom constituents as the reason for this observed difference in
the incidence of cortical necrosis.
DR. NANDITA CHOUDHARY (Assistant Professor, Nephrol-
ogy, Guwahati Medical College, Guwahati, India): Does the
early administration of antivenom prevent the development of
acute renal failure?
DR. CHUGH: Yes. In fact, the timely administration of
antivenom has been shown to completely reverse all clinical
manifestations of systemic envenomation [6].
DR. NIcoLAos E. MADIAS (Chief, Division of Nephrology,
New England Medical Center, Boston, Massachusetts): What
are the determinants of the severity of acute renal failure?
DR. CHUGH: The severity of acute renal failure in viper-
envenomed patients is determined by the venom dose and the
severity of bleeding, hypotension, hemostatic abnormalities,
and intravascular hemolysis. Patients with prolonged anuria are
more likely to have diffuse or patchy cortical necrosis. In sea
snake bites, the degree of myoglobinuria and hypercatabolic
state due to myotoxic action of the venom also influences the
course and severity of acute renal failure.
DR. MADIAS: Is G6PD deficiency a risk factor for severe
acute renal failure following snake bite?
DR. CHUGH: Deficiency of G6PD has been associated with a
high incidence of acute renal failure among certain populations.
For example, severe hemolysis and acute renal failure have
been reported in Greece following ingestion of djenkol beans in
G6PD-deficient patients [103]. Similarly in India, G6PD defi-
ciency is frequently associated with hemolysis and acute renal
failure following ingestion of antimalarial and antipyretic drugs
[85]. Whereas the mechanism of hemolysis in G6PD-deficient
patients depends on oxidant stress induced by precipitating
agents, in the case of snake bite, hemolysis results from the
direct action of phospholipase A2 on the red cell membrane. It
appears that G6PD deficiency is not an important factor for the
causation of acute renal failure in snake bite.
DR. MADIAs: Some venoms are known to contain a convert-
ing enzyme inhibiting principle. Can you speculate on its role in
the pathogenesis of acute renal failure?
DR. CHUGH: The presence of angiotensin converting enzyme
inhibiting principle has been demonstrated in venoms of some
snakes. The first principle, teprotide, was in fact synthesized
from the venom of bothrops species. The most widely used
converting enzyme inhibitor, captopril, is known to precipitate
renal failure in patients with compromised hemodynamics,
possibly by interfering with renal autoregulation [104]. On the
other hand, administration of captopril has produced conflicting
results in experimental models of gentamicin-induced acute
renal failure [105, 106]. Although there is a theoretical possibil-
ity that captopril might be contributing to the pathogenesis of
acute renal failure in snake bite, it is unlikely that it is a major
factor. I am not aware of any experimental study in which the
role of converting enzyme inhibition in the causation of acute
renal failure in snake bite has been investigated.
DR. MADIAS: Do venoms with thrombin-like activity have a
greater propensity to induce acute renal failure compared with
those with librinolytic protease activity?
DR. CHUGH: The venoms with thrombin-like activity are
likely to induce intravascular fibrin deposition in the microvas-
culature, whereas those with fibrinolytic activity cause fibrin-
ogen degradation in the absence of microthrombus formation.
Moreover, fibrin formed as a result of thrombin-like enzymes is
structurally different from physiologic fibrin. It is unstable and
more susceptible to fibrinolysis. From the available reports, the
incidence of acute renal failure has not been unduly higher in
the case of venoms containing thrombin-like activity. Most
venoms of medical importance contain an admixture of varying
proportions of thrombin-like and fibrinolytic substances.
DR. MADIAS: Could the high incidence of cortical necrosis in
your patients reflect a selection bias for biopsy of those with
more severe forms of acute renal failure?
DR. CHUGH: I am afraid this is not the case in our study. We
try to biopsy all patients irrespective of the severity of acute
renal failure, but some patients do refuse a biopsy. I am
conscious that doing biopsies in patients merely for document-
ing the histologic diagnosis, especially in those who are already
showing signs of recovery of renal function, may be regarded as
unnecessary. However, if we had not pursued this policy, we
might have missed the lesions of patchy cortical necrosis.
DR. JOHN T. HARRINGTON (Chief of Medicine, Newton-
Wellesley Hospital, Newton, Massachusetts): Do we know the
structure of hemorrhagin? Is it structurally related to the known
mediators of septic shock?
DR. CHUGH: The structure of hemorrhagin is not precisely
known, although at least three fractions have been isolated from
the venom of some species of snakes—A gkistrodon halys,
Bothrops jararaca, Habu snake and Vipera palestinae. The
molecular weight of the purified fractions ranges between
44,000 and 50,090 [42]. Since hemorrhagin as well as the
mediators of septic shock are both known to induce endothelial
cell swelling and widening of the inter-endothelial junctions,
and to cause mesangiolysis, theoretically their structural char-
acteristics are likely to be similar. To the best of my knowledge,
however, no such principle has yet been isolated from the
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hemorrhagic sites of Schwartzman reaction, Arthus reaction, or
septic shock.
DR. HARRINGTON: What are the complications of polyvalent
antiserum administration?
DR. CHUGH: As with all forms of serum therapy of animal
origin, polyvalent antivenom is known to produce allergic
manifestations ranging from minor reactions such as urticaria
and sneezing to anaphylaxis and late complications such as
serum sickness. Because the benefits of the therapy outweigh
the risks of complications, however, the antiserum should
never be withheld for fear of these complications.
DR. HARRINGTON: Dr. Sitprija has preliminary data suggest-
ing that a combination of furosemide and dopamine can abort
the development of acute renal failure in falciparum malaria
[1071. Are any comparable therapeutic interventions available
for preventing acute renal failure following snake bite?
DR. CHUGH: Uncontrolled clinical studies have shown effec-
tiveness of this combination in promoting diuresis in acute renal
failure. In experimental models also, "low-dose" dopamine has
been shown to be protective. However, this therapy is applica-
ble to acute renal failure of any origin. The only definitive
therapeutic intervention for prevention of acute renal failure in
patients who have been bitten by snakes is administration of
specific antivenom as soon as the systemic manifestations of
envenomation become evident.
DR. VIJAY KHER (Associate Professor, Nephrology. Sanjay
Gandhi Institute, Lucknow, India): Do the coagulation abnor-
malities differ among patients who develop acute tubular necro-
sis, acute cortical necrosis, or glomerulonephritis?
DR. CHUGH: In our experience, acute DIC was observed
more frequently in patients with acute renal failure compared
with those without renal failure. We have not been able to
document a clear correlation between the type and severity of
coagulation abnormalities and the histologic lesions of acute
tubular necrosis and acute cortical necrosis. The coagulation
parameters that have a direct bearing are those present in the
first 24 to 48 hours after envenomation. Because of a wide
variation in the time intervals between envenomation and
arrival of patients at the hospital, we do not think that the
evidence is conclusive. We did not observe any cases of
glomerulonephritis.
DR. B. N. DATTA (Professor of Pathology, Postgraduate
Medical Institute, Chandigarh): Does antivenom serum have a
pathogenetic role in the development of acute renal failure?
DR. CHUGH: Administration of serum is known to cause renal
lesions of hypersensitivity angiitis and immune-complex gb-
merulonephritis, which at times can produce renal insuffi-
ciency. Germuth has documented the occurrence of serum
sickness manifesting as fever, skin rash, arthralgia, and gbomer-
ulonephritis [1081. There is no evidence, however, that serum
administration could lead to acute tubular or acute cortical
necrosis, which were the predominant renal lesions in our
patients.
DR. A. RAJACHANDRAN (Reader in Nephrology, Coimbatore
Medical College, Coimbatore, India): What is the best way to
manage DIC following snake bite?
DR. CHUGH: The ideal management is administration of
specific antivenom in adequate doses to patients with uncoag-
ulable blood. Antivenom administration should be continued
until the blood becomes coagulable. In addition, fresh blood
transfusions or blood components should be administered to
replace the depleted coagulation factors. Because of the non-
availability of the tests for identifying venom antigen and of
monovalent antivenom in most tropical countries where snake
bite is common, the ideal seldom can be achieved.
DR. M. K. MTRA (Professor of Medicine, King George
Medical College, Lucknow, India): Would you advocate admin-
istration of polyvalent antivenom in patients with established
acute renal failure?
DR. CHUGH: Monovalent or polyvalent antivenom has no
role in the management of acute renal failure per se; snake-bite-
induced ARF has to be managed like acute renal failure due to
any other cause. If hemostatic abnormalities persist, however,
I give antivenom even if a patient presents days after enveno-
mation, irrespective of the presence or absence of acute renal
failure. If the coagulation abnormalities have reverted sponta-
neously, there is no point in giving antivenom.
DR. B. K. SHARMA (Professor, Internal Medicine, Postgrad-
uate Medical Institute, Chandigarh): In your judgment, how
strong is the evidence suggesting a direct toxic effect of snake
venom on the renal vasculature and tubules?
DR. CHUGH: There is clear evidence in experimental models
that hemorrhagin causes swelling of endothelial cells and their
detachment from the basement membrane. As I stated in my
discussion, a direct cytotoxic action of the venom on the
tubules is still not proved conclusively.
DR. N. L. PATNEY (Professor of Medicine, Medical College,
Agra, India): Have you measured serum and urine myoglobin
levels in your patients? Could myoglobinuria have a role in
acute renal failure?
DR. CHUGH: We have evaluated the possible role of muscle
cell necrosis by measuring urine myoglobin, serum creatine,
phosphokinase, and serum aldolase in 10 patients (unpublished
data). No evidence of myonecrosis was detected. It appears
that myoglobinuria does not significantly contribute to acute
renal failure following Russell's viper and Echis carinatus bites.
As I mentioned before, myoglobinuria is known to play a
significant pathogenetic role in sea snake and Australian land
snake bites.
DR. JORDAN J. COHEN (Dean of Medicine, State University
of New York at Stony Brook, Stony Brook, New York): You
noted that envenomed patients occasionally have intense in-
flammatory infiltration in the renal interstitium. This finding
raises the possibility that steroid therapy might be beneficial.
Have you any experience with this approach?
DR. CHUGH: Only one of our patients and 3 others in the
literature have shown a classic histologic picture of acute
interstitial nephritis. In the patient seen by us, recovery had
already begun when renal biopsy was performed during the
third week after envenomation. Taking the analogy of drug-
induced acute interstitial nephritis, steroids might be of help in
hastening the recovery of such patients, but we have no such
data.
DR. COHEN: Given the presence of fibroblasts in the renal
interstitium in patients with acute tubular necrosis following
snake bite, do such patients recover normal renal function as
completely as do those with acute tubular necrosis following
other causes?
DR. CHUGH: The patients with acute tubular necrosis whom
we have followed have not shown any evidence of residual
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renal insufficiency. Only those with patchy cortical necrosis
have manifest varying degrees of persistent renal dysfunction.
Fibroblasts have been noted on electron microscopy, but their
clinical significance is still not established.
C0L. YASHPAL (Head of Nephrology Center, Army Hospital,
Delhi, India): Compensated DIC was the most common hema-
tologic abnormality observed in your patients. Does it differ in
any way from DIC associated with other conditions? Does
compensated DIC occur in patients who die within the first 24
hours?
DR. CHUGH: Compensated DIC occurs in two situations. The
first is during the recovery phase of acute DIC; the second is
when the procoagulant "trigger" is of a lesser magnitude.
Clinically, no difference exists between the DIC associated with
envenomation and that of other conditions. The nature and
severity of depletion of coagulation factors depend directly on
the intensity of the stimulus provided by the procoagulant
activity. None of our patients died within the first 24 hours of
envenomation.
DR. M. M. KAPOOR (Senior Resident, Nephrology, Postgrad-
uate Medical Institute, Chandigarh): Cortical necrosis in the
obstetric setting sometimes is associated with pituitary necro-
sis. Does pituitary necrosis occur in patients with snake-bite-
induced cortical necrosis? If so, what is its pathogenesis?
DR. CHUGH: We did not observe a Sheehan-like syndrome in
any of our patients. However, a research group from Burma
recently reported pituitary failure in some patients envenomed
by Russell's viper [1091. The details of this study still have not
been published, and therefore it is not possible to comment
whether the pituitary failure was associated with cortical necro-
sis among these patients. The peculiar susceptibility of the
pituitary gland to damage during pregnancy has been attributed
to a 40% to 60% increase in the size of the gland. Following
postpartum hemorrhage, hypovolemia and vasospasm lead to
cell damage and swelling in many organs. Although most organs
tolerate the swelling well, the rigid sella does not allow further
expansion of an already enlarged gland; thus, increased local
pressure results and prevents the re-establishment of circula-
tion [110]. Such a predisposition is not present in envenomed
patients. I suspect that blockage of microcirculation of the
pituitary gland by fibrin thrombi resulting from DIC might play
a pathogenetic role. If this is confirmed, it is likely to throw
more light on the pathogenesis of the classic Sheehan's syn-
drome in obstetric patients.
DR. ASHA MOUDGIL (Assistant Proftssor, Pediatrics, Lady
Harding Medical College, Delhi, India): Are there any differ-
ences in venom dose in patients who develop acute tubular
necrosis compared with those who develop acute cortical
necrosis?
DR. CHUGH: It is not possible to know how much venom has
been injected in a given patient. Assuming that the severity of
coagulation abnormalities in viper-envenomed patients is a
direct reflection of the quantity and quality of the injected
venom, indirectly what you would like to know is whether acute
cortical necrosis is more common in patients with severe
coagulation abnormalities, and whether acute tubular necrosis
is more common in patients with less severe abnormalities. As
I said before, in our own data, no significant difference was
noted. We still are not certain that the venom directly causes
acute renal failure. If direct nephrotoxicity does play a signifi-
cant role, the dose of the venom obviously would be an
important determinant of renal damage.
DR. J. C. M. SHASTRY (Professor of Nephrology, Christian
Medical College, Vellore, India): The triad of microangiopathic
hemolytic anemia, thrombocytopenia, and acute renal failure is
observed following snake bite. Would you therefore consider
this condition simply an example of hemolytic-uremic syn-
drome?
DR. CHUGH: I am aware of the suggestion contained in your
letter published in Nephron in 1986, in which your group
advocated the inclusion of snake-bite-induced acute renal fail-
ure under the classification of HUS [Ill]. There is no denying
the fact that some of these patients do exhibit microangiopathic
hemolytic anemia, thrombocytopenia, schistocytosis, and acute
renal failure (as was reported by us in 1975) [15]. In fact, you
had cited our data in favor of this possibility. I do not think,
however, that the evidence presented is strong enough to justify
the inclusion of these cases under HUS. In the first place, in the
24 patients described in your letter, the coagulation parameters
were not studied. Also, you ignored the overwhelming evidence
of DIC and consumptive coagulopathy, which we documented
in our clinical and experimental studies, and which clearly
indicated that the disease was not localized to the renal micro-
vasculature. Of the 42 patients with Echis carinatusbite inves-
tigated by Warrell et al [9], as many as 40 had uncoagulable
blood, but only one patient had microangiopathic hemolytic
anemia, schistocytosis, and thrombocytopenia. Second, bleed-
ing is observed far more commonly in snake bite patients than
in those with HUS. In the third place, platelet aggregation
appears to be the primary event in HUS and has been related to
liberation of thromboxane A2 or to deficiency of prostacyclin.
Platelet aggregation is not the sole feature in snake-envenomed
patients. In view of these arguments, I do not think there is
sufficient justification for lumping the clinical picture of snake
bite under HUS.
DR. CHOUDHARY: Assam, the place where I hail from, has
plenty of hills and forests, and the species of snake are the same
as those you see here. Yet we do not see acute renal failure in
envenomed patients. Can you explain this?
DR. CHUGH: I am aware of acute renal failure occurring due
to snake bite in the adjoining state of West Bengal [47]. 1am not
sure why this should be uncommon in Assam. I have no
plausible explanation. Perhaps the most severely envenomed
patients who are likely to develop renal failure do not survive to
reach the hospital because of difficult terrain in your hilly state.
DR. CHOUDHARY: Patients frequently die soon after snake
bite. Could you elaborate on the possible causes of early death?
DR. CHUGH: Some patients are known to die immediately
after the bite. Deaths have been recorded even due to fright at
the sight of a snake. Some patients have become severely
hypotensive, and this has been ascribed to the release of kinins
following envenomation. A cardiotoxic effect has been men-
tioned, but in Russell's viper and Echis carinatus bite this does
not appear to be a factor contributing to early death. Instant
deaths also occur if the venom gains direct access to the venous
circulation.
DR. A. DATE (Professor of Pathology, Christian Medical
College, Vellore, India): How widespread are the vascular
lesions observed in envenomed patients? Is it possible that the
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renal vasculature is peculiarly susceptible to the snake venom?
If so, what are the possible factors or receptors?
DR. CHUGH: The available evidence suggests that the vascu-
lar lesions indeed are widespread and are not confined to the
renal vasculature. In animal experiments, we observed fibrin
thrombi in the microvasculature and petechial hemorrhages in
several organs other than the kidney. Clinically, widespread
bleeding from several sites is common. From this institute,
Bambery et al reported widespread serosal hemorrhages into
the pleura, pericardium, peritoneum, and retroperitoneal
spaces in Echis carinatus envenoming 11121. I am not aware of
any specific receptors in the renal microvasculature that render
the kidney more susceptible to damage by the snake venom.
DR. SITPRIJA: What is the role of electric shock therapy in the
management of snake bite?
DR. CHUGH: I can recall some correspondence in the Lancet
[113—115] regarding the usefulness of high-voltage, low-am-
perage current in the prevention of systemic effects of bothrops
envenomation in Ecuador. I personally am not convinced of the
efficacy of this therapy. There are two major problems with the
reported observations. First, it was not established whether
systemic envenomation actually had occurred. Second, the
therapy was useful only if the current was applied within
minutes of the bite. These observations require further support
from controlled studies after administration of lethal and sub-
lethal doses of the venom to experimental animals.
Reprint requests to Dr. K. S. Chugh, Postgraduate Institute of
Medical Education and Research, Chandigarh-160 012, India
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